NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


(NASA-CR-141531) RESULTS OF INVESTIGATIONS 
WITH AN 0.015-SCALE MODEL (49-0) OF THE 
POCKWELL INTERNATIONAL SPACE SHUTTLE VEHICLE 
1UOA/B CONFIGUEATION WITH MODIFIED OMS PODS 
AND ELEVONS IN THE AEDC VKF TUNNEL B (0A79) 


Ey Se Cee ee ee 


SPACE SHUTTLE 


AEROTHERMODYNAMIC DATA REPORT 


JOHNSON SPACE CENTER 


G3/18 


NASA CR. 
Eira dott 
N75-22368 


Unclas 
208480 


DATA DaNagement services 


SPACE DIVISION €y CHRYSLER 
HOUSTON, TEXAS CORPORATION 








ce 
fevar 
othe Ns 
sae ay 


‘és 
Neon: 5 


Sant: 
hit 
be. = ei 
1 EB 
ane 
Peo8 
Rervege 
wet 
8 
aes. 
ee 
a 
E -ag 
‘< 
fe 
mes 
AGES 
q er, 
2 


J 
Ee 
we 
AH 
3% 
ng 
4 
Foo. 
ogg 
7a 
. ig 
a 
ir ary. 
eg 
§ 
a 
ws. 
ray 
ee 
inf 
Bee. 
ne 
‘ 


April, 1975 


DMS-DR-2196 : 
NASA CR-141,531 ; 


RESULTS OF INVESTIGATIONS WITH AN 0.015-SCALE : 

3 MODEL (49-0) OF THE ROCKWELL INTERNATIONAL 
E SPACE SHUTTLE VEHICLE 140A/B CONFIGURATION WITH 
4 MODIFIED OMS PODS AND ELEVONS IN THE i 
AEDC VKF TUNNEL B (0A79) f 

By 

V. Esparza and A. I. Lindsay 

Rockwell International Space Division 


Prepared under NASA Contract Number NAS9-13247 


By 


er en tre ates on te te teeciete nile een ead, vee 
ees a CN a ee soit app et aa a Sg an 


Data Management Services 
Chrysler Corporation Space Division 
New Orleans, La. 70189 


for 


ae A RINT OT 


Engineering Analysis Division 


Johnson Space Center 
National Aeronautics and Space Administration 
e Houston, Texas 


2 = nemambese comin Reg a 9 TR: 


®, 
sR fo RTT 


ie Morvan 
a Fags rete, at 





aa 
bee? tr Me - Sod ee 2 - ™ gay tee ss (54s Babies ” 
eS ERA RA et Re RR mia a Sl A ti Ali eR dee a be ae aes Ak Teds OF gat we ae al ok 
38 ie teres bee te ee Rk Si 72s A ele ie i a aE i ae Ds Daa ad a 
eee Oe OE TE ET ES Fe Bee ee ee hs : : : 
ee ee = & Feta | le Tag: Rar cde ose eee Re IN ae eM menace er oe SR ey ea) RRR age ree Forse a Fane : at 
a, ig ee ar Nc a ee pga ‘ : a 





WIND TUNNEL TEST SPECIFICS: : 
q Test Number: AEDC V41B-71A ~/ 
’ NASA Series Number: 0A79 

& Model Number: 49-0 

a Test Dates: | August through 3 August, 1974 

q Occupancy Hours: 24 

: FACILITY COORDINATOR: 

L. L. Trimmer 

q ‘ VFK-SH 

a ARO, Inc. 

q Arnold Air Force Station, Tenn. 37389 

: | Phone: (615) 455-2611, x7377 

4 : 

j | PROJECT ENGINEERS: | AERODYNAMICS ANALYSIS ENGINEERS: 

‘ | V. Esparza L. G. Zerby 

z | A. I. Lindsay Rockwell International 

4 Rockwell International Space Division 

j | space Division 12214 Lakewood Blvd. 

rt 12214 Lakewood Blvd Mail Code ACO7 

Mail Code AC07 Downey, California 90241 

. Downey, California 90241 
7 Phone: (213) 922-2092 

3 | Phone: (213) 922-4620 | 


DATA MANAGEMENT SERVICES: | 


Prepared by: Liaison--D. A. sarver, V. W. Sparks 
Operations--M. M. Mann 


Meta re reer Mn = pe ede ee a 


Reviewed by: 0. E. Poucher, J. L. slyan 7 


¥e 
AP aE BO Pe AOE Te igre = one 








Approved: ~ (, yes Concurrence: yf a 
g ué'G. Swider, Manager 
Data Management Services ight Technology Branch 
, Chrysler Corporation Space Division assumes no responsibility for the 


data presented other than display characteristics. 


ii 








RESULTS OF INVESTIGATIONS WITH AN 0.015-SCALE 
MODEL (49-0) OF THE ROCKWELL INTERNATIONAL 
SPACE SHUTTLE VEHICLE 140A/B CONFIGURATION WITH 
MODIFIED OMS PODS AND ELEVONS IN THE 
AEDC VKF TUNNEL B (0A79) 


By 


V. Esparza and A. I. Lindsay 
Rockwell] International Space Division 


1B REN tk eT eae Sasi ee Pee 


ABSTRACT 





This report documents aerodynamic data obtained from wind tunnel 
tests of an 0.015-scale SSV Orbiter model of a 140A/B configuration with 
modified OMS pods and elevons. This test was conducted at Mach 8 in the 
B tunnel of the Von Karman Gas Dynamics Facility. 

” | Force data was obtained at vavious control surface settings and 
Reynolds numbers in the angle of attack range of 15° to 45° and at angles 
of sideslip of -5° to +5°. Control surface variables included elevon, 


} 

| rudder, speed brake and body flap configurations. This test was conducted 
| during the period August 1, 1974 through August 3, 1974. 
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NOMENCLATURE 
General 
Plot 
SYMBOL SYMBOL DERINITION 
5 speed of sound; m/sec, ft/sec 
Cp CP precsure coefficient; (p) - peo)/a 
M MACH Mach number; V/a 
p pressure; N/m, psf 
q Q( NSM ) dynamic pressure; 1/29)", N/m° , psf 
Q( PSF ) 
RN/L RN/L unit Reynolds number; per m, per ft 
V velocity; m/sec, ft/sec 
a ALPHA angle of attack, degrees 
B BETA angie of sideslip, degrees 
yw Pst angle of yuw, degrees 
¢ PHI angle of roll, degrees 
p mass density; ke/m3, slugs/ft3 
Reference & C.G. Definitions 
Ab base ares: om’) te 
b BR EF wing cpun or reference span; m, ft 
C.K. center of yravity 
bary LR EF | reference length or wing mean 
c serodynumic chord: m, tt 
5 SREF wing ares or reference urea: m, rte 
MRP moment reference point 7 
XMRP moment reference point on X axis ; 
YMRP moment reference point on Y¥ axis H 
MRP moment reference point on Z axis i 
L base 4 
l joc1] 
2 stati: conditions 
t tots! conditions 
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Plot 
SYMBOL 
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Cy 
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NOMENCLATURE (Continued ) 


Body -Axis System 


DEFINITION 


norma = “ore: 
& 


oP] 


normil-force coeffictents 
axiul-foree coefficient; 2xtal for 
Quo 


gide-force coefficient; Side force 
qs 

bioe-ttorce covofriclents base force 
qs 


“Ay (ty, i Pe)/s 


forcbody axinl force coefficient, Cp - CAD 


pitehiny-moment coefficient; P ars moment 
4 EREF 


yrvinemoment cocffietent,; Yiwing moment 
qSbo 


roljing-moment roeffictent: TORE SRE Tomen’ 
qo 


ourbilityeAxis System 





litt coefficient: iit 
aris cerlepetions. aris 


bere: drag 
ye 





Paeedpiug coefPictents 
Tore body drove coefPLedbo nts Ch - Ch 


cidesforce coeffictent; Lide force 


re 
I 


pitchins-emoment coerfielonts pitching moment 
VD cases 
EE 


Pee ee +e miwing mom-nt 
yowltetemoment coeffiefents AER cue Le 
qob 


rolling-moment coefffeLent: rons momen t. 
ate 


Lift-to-drvg ritto: C)/c, 


lirt to forebody drag rotio: C1] Co 
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ref 


Plot 
symbol 


ELE-LO 


ELE-LI 


ELE-RO 


ELE-RI 


SPDBRK 


RUDDER 


BOFLAP 
XCP/L 

CLMFWD 
CLMAFT 
DLTELV 


DLTCN 
OLTCMF 


DLTCMA 
DLTCA 
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NOMENCLATURE (Continued) 
Additions To Nomenclature 


Definition 


left outboard elevon surface deflection angle, posi- 
tive deflection trailing edge down; degrees 


left inboard elevon surface deflection angle, posi- 
tive deflection trailing edge down; degrees 


right outboard elevon surface deflection angle, posi- 
tive deflection trailing edge down; degrees 


right inboard elevon surface defiection angle, posi- 
tive deflection trailing edge down; degrees. 


speed brake deflection angle (parallel to freestream), 
degrees 


rudder deflection angle, degrees 


body flap deflection angle, degrees 


normal force center of pressure, percent reference 
length 


pitching moment coefficient at .65 body iength 
(forward C.G.} 


pitching moment coefficient at .675 body length 
(aft C.G.) 


incremental full span elevon deflection angle, 
degrees 


incrementa! normal force coefficient 
incremental pitching moment coefficient (fwd. C.G.) 
incremental pitching moment coefficient (aft C.G.) 


incremental axial force coefficient 
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Symbol 
aCae 
Cap 
AC, 
ACp 
ACy 
AC, 
AC, 


bbe; 


SoBF 


Aé 
fo 


Mba 


Plot 
symbo1 


OLTCAF 
OLTCAB 
OLTCL 
OLTCD 
DLTCY 
OLTCYN 
OLTCBL 
OLE-LI 


OLBDFP 
OLE-LO 


DLTARN 





NOMENCLATURE (Concluded) 
Additions to Nomenclature 


Definition 


incremental forebody axial force coefficient 
incremental base axial force coefficient 
incremental lift coefficient 

incremental drag coefficient 

incremental side force coefficien: 
incremental yawing moment coefficient 
incremental rolling moment coefficient 


incremental inboard elevon deflection angle, 
degrees 


incremental body flap deflection angle, 
degrees 


incremental outboard elevon deflection angle, 
degrees 


incremental aileron deflection angle, degrees 
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CONFIGURATIONS INVESTIGATED 


Effects of OMS pod configurations and elevon gap (between inboard 
and outboard panels) were investigated. The model was tested with OMS 
pods off, with the baseline OMS pods, and new OMS pods. Tests were 
conducted with both a 6-inch (full scale) elevon gap and with a sealed 
elevon gap. 

B26 & E43 Fg Mig Nog Rs Vo Wig 
B26 “g E43 Fy Nog Ry Vg Wo¢ 


03 = Bog Co E43 Fg Mz Nog Rs Vg Wi1¢6 


Component Definition 
Bog fuselage per Rockwell lines VL70-000143B, -000200, -000205, 
~006089, -000145, -000140A and -000140B (model drawing 
SS-A001 47) 
Co canopy per Rockwell lines VL70-000143B (model drawing 
SS-A00147) 
EA3 slotted version (6-inch) of E26 elevons per Rockwell jines 


VL70-000200, -006089, -006092 (model drawing SS-A001 48) 


Fe body flap per Rockwell lines VL70-000140A, 000145 (model 
drawing SS-A00147) 


M7 OMS/RCS pods per Rockwel] Tines VL70-000140A, -000145 
(model drawing SS-A00147) 


M16 OMS/RCS pods per Rockwe?] Tines VL70-008410, ~000140C 
(model drawing $S-A001 47) 


Nog OMS engine nozzle per Rockwel] Tines VL70-000140A (mode} 
drawing SS-A00147) 
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CONFIGURATIONS INVESTIGATED (Concluded) 


sash, + 
eens as i 


Component Definition 


Rs rudder per Rockwell lines VL70-000146A, -000095, -000139 
(model drawing SS-A00148) 


ate page. Leebsas hak a NEO Se ey Je ae 


Ve vertical tail per Rockwell lines VL70-000146A (model 
drawing SS-A00148) 


W116 wing per Rockwell lines VL70-000140B, -000200 (model 
drawing SS-A00148) 
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INSTRUMENTATION 





Force instrumentation consisted of a six component internal force 


balance mounted in the Orbiter sting cavity. 
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Pressure instrumentation consisted of a base pressure rake and one 
sting cavity pressure which were routed along the sting to externally 
mounted transducers for pressure measurement. 


Three thermocouples were mounted in the Orbiter. The first thermo- 


couple was located in the lower wing at outer mold line Xo 17.83 inch 
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m.S., Ys = 4.215 inci m.s.; the second at the lower fuselage centerline 
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at outer mold line Xo = 17.83 inch m.s., Yg = 0.000 inch m.s. and the third 
thermocouple at the lower fuselage centerline at outer mold line Xo = 6.00 
inch m.s., i = 0.00 inch ms. 

These thermocouples were used to moniter the surface temperature on 


the model. 
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TEST FACILITY DESCRIPTION 

The Arnold Engineering Development Center (AEDC) is an Air Force 
’ Facility located in Tullahoma, Tennessee. Tunnel B is a continuous, 
: closed circuit, variable density wind tunnel with an axisymmetric con- 
' toured nozzle and a 50-inch diameter test section. The tunnel] can be 
7 operated at a nominal Mach number of 6 or 8 at stagnation pressures from 
q 20 to 300 and 50 to 900 psia, respectively, and at a stagnation tempera- 
4 ture of up to 1350°R. The model may be injected into the tunnel for a : 

‘ 


test run and then retracted for model cooling or model changes without 


interrupting the tunnel flow. 
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DATA REDUCTION 

The aerodynamic forces and moments recorded by the internal strain 
gage balance were reduced to coefficient form in the body and stability 
axis systems utilizing the following reference dimensions: , 
Model Full : 
Symbol Scale Scale | 
Ap Total base area excluding sting cavity, ft2 0.06080 270.2 
Ace Sting cavity area, ft2 0.03409 151.5 
S wing planform area, ft2 0.60525 2690.0 
af body reference length, in 19.3545 = 1290.3 : 
C( tag) wing M.A.C., in 7.1222 474.8] : 
bee Wing span, in 14.0502 936.68 | 
| 
Moments are referenced about model station 16.150 (fuselage station | 
& 1076.68) on the fuselage at model water line 5.625 (full scale water line 
| | 375) 
Model base and cavity pressures were measured during the test and 
have been used to correct the data for model base effects. Location and | 
areas for these pressures were as shown in figure 2b. | 
Axial force coefficients were determined as follows: } 
Ca = Cay - Cac : 
Car = Cay - Ca, | 

, 
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DATA REDUCTION (Concluded) 


where: Cay = axial force coefficient unadjusted for base or 
sting cavity pressures 


Cy = sting cavity axial force coefficient 


hg = base axial force coefficient 
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REYNOLDS NUMBER 
(pet unit length) 


DYNAMIC PRESSURE 
(pounds.’sq. inch) 
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BALANCE UTILIZED: AEDC VKF 4.06-7-36-058 
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YREVISLD b/aus 7h 
TABLE III. - MODEL DIMENSIONAL DATA 
MODEL COMPONENT |_ pony - 2. ca a 


Conrl, uration t4d¢/8 Of 


GENERAL DESCRIPTION 








WOTE: hy 13 Luentical to Pop except mnde 1fuselae has been 
refatred .> aecept Loewe Ere ee oe eee a 
MODEL SCALE: 0.0), MODEL DRAWING: S5-AOOLN7, RELFASE 12 


DRAWING NUMBER V_L79-O991L4.38, -999299, 639205 
Dh, OKO” 





» 2006039, -dOOLKS 























DIMENSIONS : FULL SCALE MODEL SCALE 
*Length (OML: Fwd Sta. %,=235)-In. 1293.3 19.400 
“Length (IML: Fwd Sta. X%5=238)-In. ann 1290. 1935! 
* Mox Width (@ X = 1528.3) - In. 26's.0 2.960 
Max Depth (2 X= 1464) - In. 259 9 L759 
Fineness Ratio 
Areo - Ft® 
Mox. Cross-Sectional 340.88 = 9.077 
Plantorn israel 
Wetted ; 
Bose | 
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; *REVISED 4/2h/7h 
TABLE III. - MODEL DIMENSIONAL DATA- Continued. 


MODEL COMPONENT :__ctuopy 2 : | 
GENERAL DESCRIPTION : __ Configuration 3A, Cinapy used with Diselage 


MODEL SCALE: 0.025 00 MONET, prawn. SS-sO01b7, RELTAsE 39 
DRAWING NUMBER) _VL70-009014 44 


DIMENSIONS ; FULL SCALE MODEL SCALE 


*Length (X, = 434.643 to 578) 
Mox Width (@ X, = 513.127) 
Mox Depth (a X, = 485.0) 
Fineness Ratio 
Areo 


Mox. Cross—Sectional 


Plenform 


Wetted 
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TABLE I1]. - MODEL DIMENSIONAL DATA - Continued. 





MODEL COMPONENT: SLOT PED Er 
GENERAL DESCRIPTICH: Conf j curation LuQ4/B Ord ter elevon. | 
NOTE: E},3 is a slotted version of Pog ._ Dita are for one side. 
a ap nn en a a 
0 ATT, Q.01L5 
. eee : 


DRAWING NUMRER: VL70-002200, V1.70-006089, vLoobo92 


DIMENSIONS: FULL-SCALE MODEL SCALE : 
4 

2 
3 por-ake ie ee ~2.0473 

Span (equivalent) 4 249.2 5.238 
Inb'd equivalent chord fp. 118.004 _ 1-770 ’ 
Outb'd equivalent chord thn. 55.192 9.828 e 


Ratio movable surface chord/ . 
total surface chord | 


Area~ Ft 


At Inb'd equiv. chord 0.2096 0.2096 
: At Qutb'd equiv. chord — O.400h 0. 400k 
Sweep Back Angles, degrees | | 
Leading Edge 0.00 0.00. 
Trailing Fdge = 10.056 =) 56 ‘ 
Hingeline 0.00 £000. 


Area Moment ( Product of Area and C)-Ft3 1587.25. 00536 e 
Mean Acrodynamic Chord (@), in. 90.7 1. 3005 | 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT :.__ BODY TIAp - Fe 
GENERAL DESCRIPTION : . conficuration 140A/B Orbiter Body Flan, 
Hingeline located at X = 1528.3, 2 = 284.3 





DRAWING NUMBER: __VLT-OOOL!OA, VL70-0001N5 ae 


di ' 
2 3 
: 


DIMENSIONS - FULL SCALE MODEL SCALE 





Length (x¥=1520 TO X,=1613) In. ——93,000_ 1.395 
| Max Width (Tn.) 262,00 2.930 

| Max Depth (X, = 1520) - In. 22.000 } 

i Z Fineness Ratio 


Area - Ft® 


Mox. Cross~Sectional 


Planform 150.525. 
Wetted 


Bose 1.84722 __9.00081 
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MODEL COMPONENT: 


GENERAL DESCRIPTION: 


Model Seale = 0.015, 


DRAWING NUMBER 


ONS Pod (ty) ; 





| ’ 
TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


Corfirureticon 140 A/8 Crbiter OMS~Pod 





4 








Model Drawing No. 


VL70-OXOL4OA 
| 70-000 


DIMENSION: FULL SCALE 
Length (9 Fwd Ste X,=1233.0) - IN. 327.000 
Max Width (2 X9=1450.0) - IN. 91... 5 
Max Depth (2 %9=2493.0) - IN, 109.000 


Fineness Ratio 


Area 


Max Cross-Sectional 


Planform 
Wetted 
Base 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. j 


MODEL COMPONENT: ONS Fad C94) 


? 
as ibe Sa 


aap ere 25 1 


GENERAL DESCRIPTION: _oonftisyrat ien IOC Svhiter OMS -Pad 





a re ees oe 








em nn 


Model Saqte = 0,015 Meade? Dravireg Mo. 
Ril ea oe ke AACE DNAS ee SET ae Te 


es ee Gees Ac C 
DRAWING NUMBER SO 








weet 6 ee, eee 


DIMENSION: | | FULL SCALE = MODEL SCALE 


Length (OS Pwd Sta X,81377.0)-Th, 258.5 3.878 : 





Mox Width (4X, = 1511 )..tm, 136.8 2.052 
Mox Depth (@ ¥_ = 1511 )aTn, (eee ae 1.121 | 


Fineness Ratio 2.484 2.484 


ee ee RE IS 
Area — FT e 


Max Cross~Sectional 58.864 0.013 


Planform 





Wetted 


Base 
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TABLE III. -— MODUL DEMsNSFON.L Oo: TA = Continued. 


“ULL COMPONSIIL: OMS NOZZLES - Nog 


ae 
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GeWoRL DESCRIPTION: _ Configuration L40A/B Orbiter ONS Nozzles 





Se EEE RD Cobia AP a eR ep NT a EE 





=> > 


MODEL SCALE: _0.015 MODEL DRAWING: SS-400106, RELFSE 5 (Contour) 


DRY ING NUMB2R: VLTO-OODLUOA (location) _—_s_—s 


DIMENSIONS: FULL SC+LE MODEL SCALE 
M44CH NO. 


Length - In. 
Gimbal Point to Exit Plane 
Tarout Lo axit Plane — . 


Diameter - In. 
Exit 
Throat 
Inlet 

Area - fto 
BAG 
Throat 


Gimbal Point (Station) - In. 
ft Nozzle 


Ge'GINAL PAGE IS 70 | 
UY POOR QUALITY 72 
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Right Nozzle 


Null Position - Dev. 


Left Nozzle 
Pitch 


Yaw 


Right Nozzle 
| Pitch 
. Yaw 
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TABLE III. - MODSL OIMENSICNAL DTA — Continued. 


MOCEL CO:PONENT: RUNNER 2 op a aS 
ue 


GENERAL DESCRIPTION: 








MODEL SCALE as ee 


DRAWING KUMRER: VU7O-OD9LIOAL VIL7O-000095, VL70-009139. 


DIMENSTONS: FULL-SCALE MODEL SCALE 
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% « 
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FIG. 6 FULL SPAN ELEVON EFFECTIVENESS (NEGATIVE DEFLECTIONS) 
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FIG. 6 FULL SPAN ELEVON EFFECTIVENESS (NEGATIVE DEFLECTIONS) 
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FIG. 18 INCREMENTAL EFFECTS OF BODY FLAP DEFLECTION (REYNOLDS NUMBER= 1.86) 
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